Purpose of the Review Sexual functioning is an important, yet often overlooked, aspect of quality of life for many individuals with obesity. Recent Findings With the growing recognition of obesity as a significant, international public health issue, a developing body of research has investigated the relationship between obesity and sexual functioning. Several studies have found that obesity is associated with impairments in sexual functioning. The mechanisms of this relationship, whether physiological, psychosocial, or a combination of the two, are yet to be fully elucidated. Other studies have suggested that weight loss, whether induced by bariatric surgery or less intensive interventions, is associated with significant and clinically meaningful change in sexual functioning and relevant reproductive hormones. Summary This chapter reviews the research in these areas and provides recommendations for future research on these relationships.
Introduction
Research on sexual behavior and functioning has a long and colorful past, particularly when considered against the backdrop of American culture. The seminal work by Kinsey and colleagues provided an invaluable foundation of information on sexual beliefs, interests, and behaviors of Americans in the mid-twentieth century [1, 2] . Masters and Johnson's subsequent work helped define normative as well as dysfunctional sexual behavior. This work resonates today with respect to its influence on the characterization of sexual dysfunction, including formal disorders of sexual desire, arousal, orgasm, and genito-pelvic pain for both women and men, as represented in the Diagnostic and Statistical Manual for Mental Disorders [3] . The development of the HIV/AIDS crisis turned much of the research attention in sexual behavior to disease prevention, while the development of a number of medications for erectile dysfunction further medicalized sexual dysfunction and its treatment. While these issues continue to color the landscape of sexuality research today, currently, there is great focus on issues related to sexual orientation, gender identity, and sex reassignment surgery.
Throughout these and other major developments in our understanding of sexuality, the role of sexual identity and behavior as an important element of quality of life has remained constant. In the context of chronic diseases, such as obesity and cancer, there is great value in conceptualizing sexual behavior under the umbrella of quality of life [4, 5] . Quality of life is best understood as a multidimensional construct. When applied to the field of obesity, it includes dimensions of health-related quality of life, weight-related quality of life, and other psychological constructs such as body image and sexual functioning.
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Health-related quality of life (HRQOL) refers to the burden of suffering and the limitations in physical, vocational, and social functioning associated with illness [6] . HRQOL may be assessed by paper-and-pencil measures, the most common of which is The Medical Outcomes Survey, Short Form 36 (SF-36) [6] . The SF-36 is a standardized self-report measure that assesses eight separate domains of HRQOL including physical functioning, role functioning related to physical and emotional problems, social functioning, bodily pain, general mental health, vitality, and perception of general health.
Numerous studies have shown a correlation between BMI and the degree of impairment on most of the subscales of the SF-36 [7, 8] . The degree of obesity is commonly associated with increased physical limitations, bodily pain, and fatigue. Impairments in HRQOL are associated with increased symptoms of depression, especially among individuals with extreme obesity [9] . Individuals with extreme obesity are approximately five times more likely to have experienced a major depressive episode in the past year as compared those of average weight [10] . The risk of attempted suicide has been found to increase as BMI exceeds 40 kg/m 2 [11] . Impairments in HRQOL may be among the strongest motivators for seeking bariatric surgery [12] [13] [14] [15] . The presence of major comorbidities that negatively impact HRQOL, such as type 2 diabetes, also are associated with interest in surgery [13, 14] .
There also are a number of obesity specific measures of quality of life. Two of the most commonly used measures are the Impact of Weight on Quality of Life (IWQOL) scale [16] and its more commonly used short form, the IWQOL-Lite [17] . The IWQOL-Lite consists of 31 items which sum to a total score and yield subscale scores which assess physical functioning, self-esteem, sexual life, public distress, and work. This version has been used in a number of studies of bariatric surgery patients and has demonstrated that impairments in weightrelated quality of life are strongly associated with BMI [18] [19] [20] .
Weight loss has been associated with improvements in both health-and weight-related quality of life in numerous studies [4, 21, 22] . These relationships appear to be particularly strong for persons with extreme obesity who lose substantial amounts of weight with bariatric surgery [9, 23-27, 28•, 29•] . In the vast majority of these studies, patients have reported both statistically and clinically significant improvements in health-and weight-related quality of life. Many of these improvements occur in the first few months after surgery and during the period of rapid weight loss [27] . Maximal improvement appears to occur in the first few postoperative years [30] .
Other studies have documented improvements in other areas of quality of life. In a sample of over 2200 individuals who underwent bariatric surgery as part of the LABS Consortium, the majority of patients reported clinically significant improvements in bodily pain, physical functioning, and improved 400-m walk times [31] . In participants who were on disability prior to surgery, as well as those who reported severe knee or hip pain, approximately three fourths experienced improvements in knee or hip functioning [31] .
There appear to be gender differences in changes of quality of life after bariatric surgery. Women have reported statistically significant changes in all domains of the SF-36 and the IWQOL-Lite within the first year of surgery [28•] . These improvements were well maintained during the second postoperative year [28•] . In contrast, men reported changes in weight-related quality of life as well as changes in the physical functioning domains of the SF-36 [5] . They did not, however, report statistically significant changes on the mental health domains of the measure. There also is some evidence to suggest a mild deterioration in these improvements with a modest postoperative weight regain [21, 32, 33] .
Obesity and Sexual Functioning
Obesity appears to have a detrimental impact on sexual functioning [4, 5, 34•, 35] . Obesity, and/or several obesity-related comorbidities, can impair sexual function and sexual quality of life. Obesity has been found to be associated with mild to moderate symptoms of erectile dysfunction, as assessed by the International Index of Erectile Function (IIEF), in the majority of studies of men with obesity [34•] . The relationship between obesity and sexual dysfunction appears to be particularly true for individuals with greater adiposity. Bond and colleagues, for example, found that approximately 60% of women who sought bariatric surgery reported sexual dysfunction [36•] . Dallal and colleagues (2008) found that men presenting for bariatric surgery reported impaired sexual functioning across several relevant domains and as compared to published reference controls [37•] .
In the largest study of the issue to date, 2225 candidates for bariatric surgery completed a self-report survey about their sexual functioning in the previous month [38•] . Twenty-six percent of women and 12% of men reported no sexual desire and 33% of women and 25% of men reported no sexual activity. About half of women (49%) and men (54%) were moderately or very dissatisfied with their sexual life. Physical health limited sexual activity at least moderately in 38% of women and 44% of men. Among women, older age, white race, urinary incontinence, depressive symptoms, and antidepressant medication use were associated with poorer sexual function in multiple domains. In men, older age, not being married, depressive symptoms, and antidepressant medication use were associated with poorer sexual function in multiple domains.
The specific nature of the relationship between BMI and sexual dysfunction is unclear. For some individuals, concerns about physical appearance and body image may negatively impact sexual desire and activity [5] . Anecdotal clinical reports suggest that some individuals with obesity are reluctant to be undressed in front of their partners or experience a level of body image dissatisfaction that leaves them reluctant to engage in sexual behavior. Similarly, physical limitations associated with extreme obesity may make sexual activity unpleasant, difficult, painful, or even impossible. Nevertheless, it is important to realize that sexual dysfunction, while often characterized as a condition of an individual, occurs in the context of a relationship. That is, other problems or issues in a romantic relationship can contribute to the development and maintenance of a sexual dysfunction, just as the presence of dysfunctional sexual behavior can negatively impact the quality of a romantic relationship.
Excess body weight has negative effects on a number of hormones that contribute to sexual behavior and reproductive potential. Adipose tissue is the site of sex steroid aromatization in which androgens are converted to estrogens. This conversion leads to androgen deficiency which may influence erectile dysfunction [39, 40] . In women with obesity, sexhormone binding globulin (SHBG) levels are reduced, which results in an increased clearance of free sex steroids including testosterone, dihydrotestosterone, and androstenediol. As a result, a compensatory mechanism is activated which results in a hyperandrogenemic state and may have a negative effect on menstruation and ovarian function [41] . Several adipokines (e.g., interleukin-6, tumor necrosis factor alpha) are believed to be related to oxidative stress which can have detrimental effects on sperm function and overall fertility in both men and women [40] . These adipokines are at increased levels in persons with obesity.
For others, impaired sexual functioning may be associated with the physiological impact of obesity. Impairments in sexual functioning are associated with a number of obesityrelated comorbidities, including hypertension, type 2 diabetes, and depression. In a study by Doumas and colleagues (2006) , erectile function was assessed in 634 young and middle-aged men [42] . Of these men, 358 were found to have arterial hypertension and 276 were normotensive. When the two groups were compared, a statistically significant association was found between the presence of ED and hypertension [42] . In a meta-analysis of 12 prospective cohort studies performed by Dong and colleagues, ED was associated with a significantly increased risk of coronary heart disease and other cardiovascular risk factors [43] . Another meta-analysis of 12 observational studies in diabetic men also showed an association between ED and risk of cardiovascular events [44] . A large systematic review also concluded that sexual dysfunction is related to the severity of cardiovascular disease [45] .
Erectile dysfunction is common in patients with diabetes, affecting up to 50% of men [46] . Erectile dysfunction can occur in diabetic patients due to impairment of peripheral nerve conduction to the penile vasculature. In a study that included 2377 patients with diabetes alone, 3906 patients with hypertension alone, and 1186 with both diabetes and hypertension [47] , 71% of those with diabetes, 67% of those with hypertension, and 78% of men with both disorders also had ED. Among men with diabetes, ED appears to be most common in those with the poorest glycemic control and the worst insulin resistance [48] . Women with diabetes also are at increased risk of sexual dysfunction, although the mechanisms for this are not well defined [49] .
Relationships between obesity-associated comorbid conditions and sexual function are often confounded by age-related changes. Erectile and lubrication quality declines with age; time to orgasm increases for both women and men. In women, sexual functioning typically declines with menopause. The mechanism behind this change is likely due to a decreased production of estrogen, which leads to vaginal epithelial atrophy, dryness, and decreased vaginal tissue elasticity which results in pain during intercourse [50] . Urinary incontinence also may impact sexual functioning for both men and women [51] [52] [53] .
Treatment of weight-related conditions also can negatively impact sexual functioning. Antihypertensives that have been associated with sexual dysfunction include some sympatholytic agents, beta-blockers, and diuretics [54, 55] . Many psychiatric medications also are known to negatively impact sexual functioning. Approximately 40% of pre-bariatric surgery patients take antidepressant medications [56, 57] . Following surgery, the majority of patients stay on their antidepressant medication [58, 59] . Many of the commonly used antidepressants (e.g., selective serotonin reuptake inhibitors, serotoninnorepinephrine reuptake inhibitors) are associated with some degree sexual dysfunction in a majority of patients.
A recent review of the literature on the relationship between obesity and sexual functioning concluded that there likely are three different pathways between the two [60] . These included the direct effects of adipose tissue on sexual response, the impact of obesity-related comorbidities of sexual desire and functioning, and the influence of relevant psychological variables. While these conclusions are largely consistent with those drawn by other authorities in the field, the review failed to include many of the reviewed in detail here.
Changes in Sexual Functioning With Weight Loss
A number of studies have looked at changes in sexual functioning following weight reduction. Most of these studies have been conducted on individuals with a weight-related comorbidity. Men with hypertension, for example, and who lost approximately 5% of their weight through a lifestyle modification program, experienced significant improvements in both self-report and physiologic measures of sexual function as compared to men treated with a beta-blocker (propranolol) or central alpha agonist (clonidine) [61] . Other studies with hypertensive patients have similarly shown improvements in sexual function following weight reduction or increased physical activity [62] . Men with obesity, but free of major weight-related comorbidities, have been able to lose approximately 15 kg of weight in a behavioral modification program and experience significant improvements in erectile functioning [63] . The 5-10% weight losses seen with lifestyle modification and/or pharmacotherapy have been associated with positive effects on sex hormones [40, 41, 64] and may be contributing to improvements in sexual functioning as well.
A number of studies have documented changes in sexual functioning and quality of life in persons who have lost significant amounts of weight after bariatric surgery [21, 65] . Ninetyseven men who underwent gastric bypass reported improvements in all domains of sexual functioning within the first few postoperative years [37•] . The amount of weight loss was associated with the degree of improvement in sexual functioning. In a study of women who underwent bariatric surgery, female sexual dysfunction (diagnosed before surgery) resolved in 68% of women and women reported statistically significant improvements in all areas of sexual functioning after surgery [36•, 66•] .
The Longitudinal Assessment of Bariatric Surgery consortium has included a number of studies that have investigated changes in sexual functioning after bariatric surgery. A subset of women who had undergone bariatric surgery, and lost approximately one third of their body weight, reported statistically significant improvement in satisfaction with their sexual functioning, as well as increases in desire, arousal, and frequency of orgasm, over the first two postoperative years [20] . They also demonstrated statistically significant changes in the reproductive hormones associated with sexual behavior. More specifically, a surgically induced weight loss of 33% of total body weight was associated with significant decreases in estradiol, total testosterone, and DHEA-S as well as significant increases in FSH, LH, and SHGB in women 2 years after surgery [20] .
While impressive, there is some concern that these improvements may erode over time. From postoperative year 2 to postoperative year 4, these women experienced significant changes in their reproductive hormones, with the exception of estradiol [32] . Women reported significant improvements with respect to sexual desire, arousal, and satisfaction through year 3, but these changes were not maintained through year 4, and when women had regained approximately 10% of the weight, they had lost at year 2. Changes in romantic relationship quality and satisfaction followed the same pattern.
Men who underwent bariatric surgery also reported positive changes in their sexual functioning; however, these changes did not reach statistical significance over the first four postoperative years [29•] . Interestingly, these men did experience statistically significant changes in relevant sex hormones as well as more general domains of psychosocial functioning, including health-and weight-related quality of life. This may be a function of the relatively small number of men enrolled in this study. However, it also may be that improvements in sexual functioning after bariatric surgery are more profound for women than men.
Conclusions and Future Directions
Obesity, and extreme obesity in particular, is associated with substantial and significant impairments in quality of life. Excessive body weight can limit physical functioning and also contributes to a number of medical comorbidities that can further erode quality of life. At the same time, the psychosocial burden of obesity cannot be underestimated. These multifactorial relationships underscore the necessity of seeing quality of life as multidimensional, umbrella-like term that encompasses both health-as well as weight-related quality of life.
Body image and sexual functioning are central aspects of quality of life. Not surprisingly, most individuals with obesity report heightened levels of body image dissatisfaction. Most also report impairments in sexual functioning. The potential mechanisms for these impairments in sexual functioning are likely multifactorial. Some impairments in sexual behavior may be the result of body image dissatisfaction or depression. For others, the sexual dysfunction may be the result of obesity-related comorbidities, like type 2 diabetes and hypertension, and their treatments.
Encouragingly, modest weight loss is associated with improvement in quality of life and sexual functioning. At the same time, the magnitudes of these improvements often appear to be associated with the size of the weight loss. Many studies have documented the improvements in health-and weight-related quality of life that occur after bariatric surgery. Recently, a number of studies have documented significant changes in many domains of sexual functioning postoperatively and which endure for several years.
There are limitations to the existing work that also provide opportunities for future research. Much of the focus on the relationship between obesity and sexual functioning has focused on person with extreme obesity and who undergo bariatric surgery. While the effects of obesity on functioning are most profound among those with higher BMIs, and the benefits in functioning greatest in those who experience large weight losses, less is known about those with less severe obesity. The vast majority of participants in the studies reviewed here have been white and with high levels of education. While this is true of many studies in the bariatric surgery literature, the nature of these samples limits the ability to understand these relationships in non-white individuals. In addition, several of these studies were challenged to account for changes in menstrual or menopause status, age, or relevant comorbidities such as hypertension, heart disease, and type 2 diabetes. Use of hormone replacement therapies or sexual dysfunction treatments also has received little attention. Finally, little research has been on non-heterosexual behavior and relationships. This represents an area for future inquiry.
A recent study of adolescents who underwent bariatric surgery suggest that there are often changes in engagement in sexual behavior postoperatively [67] . These changes have led to some concern about the risk of sexually transmitted infections and unintended pregnancies as these adolescents adjust to their postoperative lives. Given the interplay of sexual and more general psychosocial development of adolescents and young adults, further study of the relationship between weight loss and adolescent sexual behavior is warranted and may have important implications for clinical practice [68] .
Another is the physical and psychosocial impact of body contouring procedures to remove excess skin following a massive weight loss. The American Society of Plastic Surgeons (2017) reported that approximately 50,000 individuals undergo surgical procedures of the abdomen, thighs, arms, and breast annually and in an effort to address the physical discomfort and body image dissatisfaction associated with this excess skin [69] . Early reports suggest that many patients who undergo these procedures report satisfaction with the results and improvements in physical and psychosocial health. Unfortunately, these procedures are expensive and rarely covered by third-party payers. As a result, opportunities to study the presumed benefits to quality of life and sexual functioning have been limited.
